The synthesis of S-glycosyl sulfonamides wherein the primary sulfonamide functional group (-SO 2 NH 2 ) is directly attached to the anomeric position of a carbohydrate moiety is reported. Our general approach, consists of first introducing a thioacetate group at the anomeric centre of the per-O-acetylated sugar derivative. From this follows formation of a glycosyl sulfenamide (sugar-SNR 2 ), oxidation of the sulfenamide to give a glycosyl N-protected sulfonamide (sugar-SO 2 NR 2 ), and removal of the sulfonamide protecting (R) group to yield a primary sulfonamide at the anomeric centre (sugar-2 SO 2 NH 2 ). A variety of mono-and disaccharide derivatives were synthesized using this new methodology.
Glycosyl sulfenamides (sugar-SNR 2 ) have been prepared and oxidized to glycosyl N,N-disubstituted sulfonamides (sugar-SO 2 NR 2 ) by others. 4 We reasoned that this methodology may be exploited to generate S-glycosyl primary sulfonamides (sugar-SO 2 NH 2 ) if an appropriate sulfonamide protecting group (R) could be employed throughout the synthesis. Our general approach, outlined in Scheme 1,
consists of first introducing a thioacetate group at the anomeric centre of the per-O-acetylated sugar derivative. From this follows formation of a glycosyl sulfenamide (sugar-SNR 2 ), 4a oxidation of the sulfenamide to give a glycosyl N-protected sulfonamide (sugar-SO 2 NR 2 ), and removal of the sulfonamide protecting (R) group to yield a primary sulfonamide at the anomeric centre (sugar-SO 2 NH 2 ). Thus the 'R' protecting group must be readily introduced, be stable to oxidation conditions and readily removed following oxidation so as to unmask the primary sulfonamide group. As a final step the deprotection of the hydroxyls of the glycosyl moiety using standard Zemplen conditions 5 should give the fully deprotected target S-glycosyl sulfonamide. b This general strategy is illustrated for a monosaccharide but is proposed to apply to a range of carbohydrate substrates.
Given the prominence of the sulfonamide group in medicinal chemistry there is a surprising paucity in the literature with regard to protecting group strategies for primary sulfonamides. A literature search revealed a small number of examples where the 2,4-dimethoxybenzyl (DMB) substituent had been employed as a protecting group for sulfonamides. 6 We commenced investigation of the DMB moiety as a protecting group with the synthesis of the N,N-(DMB) 2 glucosyl sulfenamide 2a. Compound 2a was prepared with high anomeric stereoselectivity from 1, diethyl bromomalonate and bis(2,4-dimethoxybenzyl)amine as base, Scheme 2, route a. 4a Oxidation of 2a with m-CPBA led to a complex mixture of components and we postulated that the byproduct (m-chlorobenzoic acid) of the reaction partially cleaves the acid labile DMB groups. 7 Misra recently reported the rapid oxidation of thioglycosides to glycosyl sulfones using a combination of KMnO 4 and CuSO 4 .5H 2 O in acetonitrile and water. 8 These oxidative conditions are neutral and Misra confirmed compatibility with several acid labile hydroxyl protecting groups of sugar derivatives including benzylidene acetal, isopropylidene acetal and TBDMS. 8 We were thus encouraged to investigate the capacity of this mild oxidative protocol to effect the oxidation of sulfenamide 2a in the presence of our acid labile protecting group.
Gratifyingly the oxidation proceeded smoothly leading to the N,N-(DMB) 2 protected glucosyl sulfonamide 3a, Scheme 2, route a. Next the DMB groups of 3a were removed using acidic conditions (10% TFA in CH 2 Cl 2 ) and this reaction was complete after 2 h and delivered the target per-O-acetylated glucosyl sulfonamide 4. Zemplen's conditions 5 were employed to remove the acetate groups of 4 to prepare the fully deprotected anomeric sulfonamide 5. Sulfonamides 4 and 5 were spectroscopically characterized using 1D and 2D NMR ( 1 H, 13 C, gCOSY, gHSQC) and ESI HRMS. All characterization data were consistent with the target structures. A characteristic signal for the sulfonamide protons (SO 2 NH 2 ) of 4 was observed at δ 5.01 ppm in CDCl 3 and δ 7.22 ppm in d 6 -DMSO and for 5 δ 6.69 ppm in d 6 -DMSO.
Although we had successfully synthesized the S-glucosyl primary sulfonamides 4 and 5 we sought to further improve our synthesis. The N,N-(DMB) 2 protected compounds -sulfenamide 2a and sulfonamide 3a -proved highly sensitive on normal phase silica and were difficult to manipulate without substantial degradation during standard purification protocols. Even when the silica was preconditioned with 1% Et 3 N degradation occurred (including loss of the DMB group). Further to this bis(2,4-dimethoxybenzyl)amine is not commercially available and required a two step synthesis over two days using hazardous reagents. We therefore decided to investigate the utility of the primary amine derivatives 2,4-dimethoxybenzylamine and 4-methoxybenzylamine in our synthesis as these have the advantage of being readily available from commercial suppliers. As primary amines we had a concern that these reagents may cause Sulfenamides 2b (NH-DMB) and 2c (NH-PMB) were synthesized from 1 similarly to 2a, Scheme 2, routes b and c, respectively. As observed for 2a, compound 2b was also unstable on normal phase silica preconditioned with 1% Et 3 N and so was instead semi-purified on C18 reverse phase silica to remove excess amine reagent. The PMB compound 2c was more stable to chromatography on normal phase silica (conditioned with 1% Et 3 N) consistent with the reduced lability of this protecting group towards an acidic environment. Compounds 2b and 2c were oxidized to the sulfonamides 3b and 3c, respectively, applying our previously used neutral oxidation conditions (KMnO 4 /CuSO 4 .5H 2 O). A small amount of protecting group loss was observed during these reactions however oxidation predominates leading to a relatively clean reaction mixture that required only an aqueous workup followed by purification on reserve phase silica (C18). The deprotection of 3b and 3c to remove the DMB and PMB groups was then achieved by stirring with a solution of TFA in CH 2 Cl 2 at room temperature to generate the primary sulfonamide 4. Deprotection of 3b was complete in 2 h (25% TFA, yield 10% over three steps from thioacetate 1) while deprotection of 3c required 2 days (50% TFA, yield 26% over three steps from thioacetate 1).
Each of the three sulfonamide protecting groups: (DMB) 2 , DMB and PMB allowed the successful transformation of thioacetate 1 to the primary sulfonamide 4 through the combination of neutral oxidizing conditions followed by acid catalyzed selective deprotection. The ready availability of the starting amines for routes b and c is an advantage, however the ease of removal of the DMB group compared to the PMB group brings us to conclude that DMB (route b) is the most practical protecting group to facilitate the synthesis of anomeric sulfonamides for our substrates. Although not strictly a onepot synthesis the use of intermediates 2b and 3b in a semi-purified form following rapid chromatography on reverse phase silica (C18 SPE cartridges) proved highly effective and made the overall transformation of glycosyl thioacetate to anomeric sulfonamide a relatively succinct synthetic procedure.
Having the reaction conditions to form anomeric primary sulfonamides established on the D-glucose moiety (to prepare 4 and 5) we then applied our methodology to a variety of mono-(D-galactose, Dglucuronic acid) and disaccharide (maltose, lactose) derivatives, Table 1 . Glycosyl thioacetates 6-9 were synthesized from per-O-acetylated sugars using thiourea and boron trifluoro etherate in yields ranging from 47-79%. 9 The corresponding sulfenamides were prepared from 2,4-dimethoxybenzyl amine similarly to 2b and were used in the next step following semi-purification on reverse phase silica (C18).
Oxidation of sulfenamides as before (KMnO 4 /CuSO 4 .5H 2 O) followed by deprotection of the DMB group with 25% TFA in CH 2 Cl 2 for 2 h gave the target anomeric primary sulfonamides 10-13 (yields 18-45% over three steps). Next Zemplen's conditions 5 were applied to remove the acetate groups of compounds 10, 12 and 13, while NaOH (0.07 M) was used to deprotect both the hydroxyl and carboxylic acid groups of the glucuronic acid derivative 11. The fully deprotected anomeric sulfonamide compounds 14-17 were obtained in good to high yields, Table 1 . c %Yield for deprotection using sodium hydroxide.
Conclusions
In conclusion we have developed a relatively simple and general procedure for the synthesis of Sglycosyl primary sulfonamides starting from per-O-acetylated sugar derivatives. Our approach has been to optimize reaction transformations appropriate for the protecting group requirements leading to the anomeric sulfonamide. We also propose that the DMB group is a viable sulfonamide protecting group provided neutral reaction conditions are employed.
Experimental

N,N-bis(2,4-dimethoxybenzyl)-1-S-(2,3,4,6-tetra-O-acetyl)-D-glucopyranosylsulfenamide (2a).
To a solution of thioacetate derivative 1 (1.21 g, 2.98 mmol, 1.0 equiv.) in anhydrous MeOH (60 mL)
under argon was added diethylbromomalonate (1.2 mL, 7.13 mmol, 2.4 equiv.). The solution was stirred at rt for 20 min and then bis(2,4-dimethoxybenzyl)amine (3.79 g, 11.9 mmol, 4.0 equiv.) added. The reaction mixture was stirred overnight at rt after which a precipitate was formed. The precipitate was collected by filtration and washed with MeOH to afford the title compound 2a as a white solid ( 
N-(2,4-dimethoxybenzyl)-1-S-(2,3,4,6-tetra-O-acetyl)-D-glucopyranosylsulfenamide (2b)
.
N-(2,4-dimethoxybenzyl)-1-S-(2,3,4,6-tetra-O-acetyl)-D-glucopyranosylsulfonamide (3b).
The title compound was synthesized from sulfenamide 2b (3.54 g, 6.68 mmol, 1.0 equiv.) with the procedure described for compound 3a. After washing, the crude yellow oil obtained was used without purification. Oxidation of the sulfenamide occurred as described for the preparation of compound 3a using catalytic system (KMnO 4 :CuSO 4 .5H 2 O; 1:1; w/w; 1.0 g, 4.2:2.6 equiv.) in CH 3 CN-H 2 O (5:1, 180 mL). Crude mixture was semi-purified on reverse phase silica (C-18 pre-packed cartridge, 5 g sorbent) eluted with a 434.0728, Found: 434.0708. -3) , 70.5 (2C) (C-2, C-2'), 68.1 (C-4'), 60.5, 60.4 (C-6, C-6'), assignments were confirmed by 1 
N-(4-methoxybenzyl)-1-S-(2,3,4,6-tetra-O-acetyl)-D-glucopyranosylsulfonamide (3c)
1-S-(2,3,4,6-tetra-O-acetyl)-D-glucopyranosylsulfonamide (4)
1-S-D-glucopyranosylsulfonamide (5)
1-S-(2,3,4,6-tetra-O-acetyl)-D-galactopyranosylsulfonamide (10
4.24 (m, 1H, H-6a), 4.16 (m, 1H, H-5), 4.11 (m, 1H, H-6b), 2.19, 2.11, 2.07, 2.02 (4 × s, 12H,
